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Purpose ' < ot
mchitka Island, Alaska was the site of three underground nuclear tests:
A{r‘fng Shot, an 80 kiloton test (80,000 tons TNT equivalent) in 1965;
ilrow, a 1 megaton test (1,000,000 tons TNT equivalent) in 1969; and

* Cannikin, 2 5 megaton test (5,000,000 tons TNT equivalent) in 1971. Project
Cannikin was the largest underground nuclear test in U.S, history.

Creenpeace was founded by a group of activists who sailed from Vancouver, .
Canada toward Amchitka Island in an attempt 10 stop the Cannikin blast through
non-violent direct action. Twenty-five years' after the founding of Greenpeace,
concerns about the legacy of the unstoppable nuclear explosion dubbed
Cannikin beckoned us to return to investigate the impacts of nuclear testing at
Amchitka. : ' -

The Intemnational Physicians for the Prevention of Nuclear War (IPPNW) calcu-
lated the cumulative inventories of radioactive isotopes generated from under-

. ground nuclear tests throughout the world. They estimare 2 fission yield of 0.1

megacurie per megaton explosive yield for strontium-90, 0.16 megacurie per
megaton for cesium-137, and unfissioned plutonium-239 at 150 curies per test.

-“Assuming a total yield of LI.S. underground tests of 37
megatons,... approximately 2.8 million curies of strontium-90, 4.4
million curies of cesium-137, and 110,000 curies of plutonium-239
remain in the environment [using decay-corrected. figures].
IPPNW concludes: *Large quantities of radioactive wastes are
being explosively injected into fractured underground cavities.
without serious concern about future containment of the long-
lived radioactive mateiials”! '

Gresenpeace was com-
pelled to return %o
Amchitka in Jume 1996 to
conduct an mdependent
investigation of the *
nuclear detonation sites at

RETURN TO AMCHITKA—A GREENPEAGE REPORT E
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In June of 1996, Greenpeace
sponsored - an  expedition to
Amchitka Island (Figure 1
[map]) 10 conduct an inde-
pendent, public-interest, sqi-
‘entific investigation to deter-
ruine whether radioactivity is
leaking from thiee nuclear
‘test sites. Our review of over
1,100 documents from ‘the
Department of Energy sug-
gested that sampling effors
. "sponsored by the government
i . over the past 25 years have
been inadequate to detect the
presence  of - long-lived
i radionuclides in the environ-
ment of Amchitka. Given the
level of seismic activity in the
- Aleutian region, we believe ™o ) P o 53
¢ the_re;is a strong po;sibﬂit}r that more radioactivity will leak at Amchitka Islax_xd. R PR pe e
This is the ﬁrst‘oppor.tumty for itics of nudear Weapons 10 access a major voyage to stop the nuclear
nuclear weapons test site and assess s radiological condition without military  test at Amchitica istand

e e

{ intervention. Greenpeace encourages open debate: discussion, 4nd investgation mb"“‘,":r::"'.“l""""lfm:
: of these results. : . movement and inspired

: "l . P protests to.a “greater

. : e _ : o . : sound and fury.”

; “

! S AR -

- Conclusions | s

The Cannikin nuclear test site on Amchitka, site of the largest underground
n nudear explosion in U.S. history, is leaking long-lived transuranic radioac-
uvity.into the Bering Sea via White Alice Creek. Two biological samples taken by
(reenpeace rescarchers from White Alice Creek downgradient from Cannikin
reveal the presence of americium-241, a beta decay produa of plutonium-241, .
_ Americium-241 in the environmental samples indicates the presence of plutoni-
: " um isotopes in the groundwater-surface water system at Amchitka. One of the two
; stream samples contained plutonium-239/-240. The plutonium-239 ysed 1o trig-
H ger the Cannikin fusion explosion (possibly 9-1) Pounds of plutonium-239)2 was
co-produced with plutonium-240 and plutonium-24] ‘in a° nudear reaqor
designed to create weapons-grade plutonium. :

Cannikin leaks because of 2 design error that put too large an’ explosive too -
E close to the land surface so that mechanical containment was- breached
within two days of the detonation, Leakag® from the Cannikin site is probably
extensive, involving groundwater pathways through fissures and through the bot-
tomn of Cannikin Lake. ‘ ’ _

Aggressive radiological and chemical monitoring is required to define the
» B full extent of Cannikin leakage and to allow evaluation for remedial mea-
sut, ‘ ' ' '

RETURN ToO A‘M'OH.ITKA—A GREENPEACE REPORT n
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The Cannikin nuclear
. device, a Spartan anti-
ballistic missile warhead,
suspended over the 5,875
foot shaft in the autumn of
1971. The Cannikin blast,
detonated on November 6,
1971, was the largest
‘underground nuciear test _
in L.S, history at5
megatons.

S

added 1o the list of containment failures.

' Undérg_rouﬁd nudlear explosion sites in wet environments leak radioactivi-

ty, because the explosions open pathways 10 and from the blast cavity for
groundwater movement. Heat released by the explosion creates and drives advec-
tive circulation. Certain radioactive products of nuclear explosions, such as
cesium-137 and americium-241, are mobile in groundwater.
E Those who protested the Cannikin nudear explosion 25 years ago have
been proven right by this Greenpeace study. » E :

The island of Amchitka -
and Its Military Legacy

: he Island of Amchitka lies along the great Aleutian arc of islands that com-
prise the emergent bodies of a long submarine ridge connecting North

- America and Asia. Amchitka is situated nearly half way to Asia, 765 miles
west of the tip of ‘the Alaska Peninsula at False Pass and 870 miles east of
S " Petropavlovsk, Kamchatka in the
Russian Far East. It is 1340 miles west-
southwest of Anchorage. Only the

has a more southerly location in
Alaska 3 The Aleutian Islands form the
divide between the Bering Sea and the
North Pacific Ocean. s

The Aleutian Islands have served as
home to Aleut people at least 9,000
years, “a longer continuous existence
as an identifiable people in one place
than any other people in the world."
Russian colonists coming to Alaska for
sea otter pelts exploited the indige-
nous peoples, causing many deaths
among the Aleuts. The Russians hunt-
ed the sea otter nearly to extinction.
s Although Amchitka and surrounding
3 waters were still used for subsistence

living there by 1849.5

. Amchitka is a lush and spongy land-
scape of maritime tundra, nourished
by frequent rains. The jsland’s vegeta-
tion is sculpted close to the ground by
constant winds. In summer, the voices
of Lapland longspurs and gray-

_crowned rosy finches are heard

RETURN TO AMCHITKA—A GREENPEACE REPORT
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throughout the Island and extensive kelp beds pro-
vide a safe haven for a diversity of fishes, marine [
birds, sea otters, and harbor seals, Offshore rocks 2%
and headlands offer roosting and nesting habitar
for peregrine falcons and bald eagles. One hundred
and thirty one spedies of birds have been recorded
there with 28 species breeding on the island.¢

President William Howard Taft recognized the bio-
logical importance of the island when he estab-
lished it as part of the national wildlife refuge sys-
em 10 protect native birds and fur-bearing ani-
mals. Yet a shadow was cast on ‘Amchitka by his
1913 Executive Order that stated: “The establish-
ment of this reservation shall not interfere with the
use of the islands for lighthouse, military, or naval.

purposes.”?

Amchitka was ‘used as a forward fighter bomber §
base during World War I to reclaim the Japanese-

Pusic domain phalocourtesy of U.8. Oapt of Enargy

Troops on Amchitka numbered 1 15,000 men. 3
Plans for using Amchitka as a site for nuclear explo- 2
sions began with Project Windstorm in 1951. The
Department of Defense wanted information about : 5 -
the cratering potentia] of nuclear blasts and planned to detonare two 20 kiloton = The Cannikin ','“°":"‘e“'-
explosions, one at the surface and one in a shallow shaft. Workers drilled 34 test m.m;u':mn
holes northwest of the location where Cannikin would later be detonated. The 1971.
Project was abandoned to be carried out at the Nevada test site, because the right
geological conditions were not found 8 Amchitka was used over the following

years as a Distant Early Warning (DEW line) radar station and White Alice com-
munications site. =

Military and Atemic Energy Commission operations have created severe toxic and -
radioactive waste problems on Amchitka Island. The U.S. Fish and Wildlife
Service documented at least 33 ‘toxic waste sites on the island, including areas
with massive fuel spills, napalm bomb depositories and other unexploded ord-

nance, PCBs, solvents, and heavy metals.?

History of the Nuclear Testing
Program at Amchitka ..

Long Shot .
Amchitka was examined in 1964 by the Department of Defense and Atomic
Energy Commission as a remote site for the detonation of underground nudear
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'I‘he purpose of the test was to mvesugate the U.S. seismic deleczion -ability to dxs-
tinguish Russian nudear tests that might be conducted in the Russian Far East
Long Shot was unique in two respects. It was the first underground event planned
for an isolated island area, and it was the first nuclear experiment managed by the -
Department of Defense.®® In an internal memorandum, military officials
- expressed worry that “the experiment involves questions mlatmg toa possnble vio-
lahon of the Limited Test Ban Treaty."s

; Long Shot, an 80 lqloton nuclear explosion, was detonated on Qctober 29, 1965.
Scientists measured the seismic energy from the test at 5.75 on the Richter Scale.
The Department of Defense (DOD) spent $10 million for the test. Although.

- radioactive leakage in the form of tritium and krypton-85 was detected by scien-
tists a few months after the test in freshwater ponds near surface ground zero, the
leak was not made public until 1969.12 The presence of elevated tritium lévels was
confirmed in a 1993 groundwater sample collected by the Department of Energy

-and Enavironmental Protection Agency.”? The DOD had not expected the site 10
leak radloacuvny for hundreds of years.

Milrow is the code name for the second nuclear test on A.mchnkn, a one megaton
“calibration test” of the AEC, designed to determine whether the island could
contain an even larger test of the Spartan anti-ballistic missile warhead. Milrow
was detonated on chober 2,1969 at4 /000 feet below the surface of the island.

The blast "turned the surrounding sea 1o fmth' and forced geyse:s of mud and .
water from local streams and lakes 50 feet into the air's A large volume of rock,
totalling about 6,900 cubic meters, fell from bluffs on the Bering coast.'® Gene
Phillips, Chief of the Batrow Magnetic and Seismological Observatory, wrote to - .
Senator Mike Gravel: “You nfay be interested in learning that this station not ondy: ~
recorded the Milrow Event, but also detected an alarming influx of earthquakes
directly following the test. There is no. doubt in my mind that further testing by

the AEC could uigger many more earthquakes, not only in Alaska, and no one can
predict whar disastrous results may be forthcoming.”!? Scientists working for the
AEC detected no radioactive lcakage from Mllrow

Cannlidta . ‘ .

‘The Cannikin nudlear test conducted on November 6, 1971 cost over $200 mil-
lion' and was the largest underground nuclear explosion in U.S. history. The 730
underground nuclear tests ‘conducted by the U.S. produced 2 total yield of 37
megatons,’® and Cannikin’s 5 megaton yield alone represents 14% of the total.

The purpose of the Cannikin Project was o test the Spartan anti-ballistic rmssxle B
(ABM) warhead. .

Atomic Energy Cosbibisiont Chainnan, James Schlesinger took his wife and two' |
daughters to Amchitka 10 demonstrate his belief that Cannikin was safe. He stat-
ed: “Its fun for the kids and my wife is delighted to get away fiom the house for

-awhile"!? Judge Hart. the Washington judge who reviewed the lawsuits against
the AEC quipped that environmentalists’ concerns about eanhquakes, tsunamis, .
and Tadiation were "a tempest in a bhnkm’ teapot.”®

'Ihe seismic shock from Cannikin reglstered 7.0 on the Richter s;:ale.”"l‘he physi-

RETURN TO AMCHITKA—~A GREENPEACE REPORT



S e

S o v

NI LMN lm se v ole
S

. A A . A A e -y ey

PRV VS 1 1V, 94

- 1972, samples from the Canmkm shaft revealed that about 14,000 cubic feet of

radioactive gas containing krypton-85 with concentrations of 200,000 pic-
ocuries/liter was venting into the atmosphere. This was the first radiological evi-

arlequin ducks were found with their backs broken and legs driven up into their
bodies by the pressure of the explosion.2¢ Stormy weather preduded an accurate

A Sea Of Protest

Something must be‘dénetq.fzop the Americans from theiriﬁsaue
ecological vandalism. _ : '
—- James Bohlen, a Canadian founder of Greenpeace

n 1971, thousands of people ihroughout the world were determined to stop
Ithc Atomic Energy Commission (AEC) from detonating the. largest under-

RETURN TO AMCHITKA—A CGREENPEACE REPORT
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The Alaska State Medical Assodiation passed a resolution against the test, stating
S that the nudlear blast “can only result in injury and death to present and furure . -
8 : * generations."2¢ Presenting evidence that the Spartan warhead was outmoded and

- the Cannikin test unnecessary, Dr. Jeremy Stone of the Federation of American
Scientists, representing 2,000 members, testified in .opposition to Project
Cannikin.?? The ULS. Supreme Court was presented with a lawsuit filed by the
Committee for Nuclear Responsibility and other environmental . and human
rights groups. e ' ~

e

Five federal agencies recommended to-President Nixon that the Cannikin test be
canceled or postponed. Rather than accept their recommendations, he invoked an
Executive Order to suppress comments from these agencies (the Environmental
Protection Agency, Coundil on Environmental Quality, State Depantment, Office
of Science and Technology, and U.S. Information Agency), and the Atomic Energy
'Commission classified the comments as Restricted.?8 After the explosion, these
became known as the Cannikin Papers. When the U.N. Association denounced.
the Cannikin test for environmental reasons, it also objected to the AEC’s secrecy.

Suengthened in. their resolve by a powerful grassroots movement and sound sci-
entific information, prominent politicians of the day strenuously opposed the
test. The Attomey General of Alaska, John Havelock, declared before Congress

. that the AEC’s environmental impact statement for Cannikin “is litde short of
‘sham."? Backed with exceptional research by staffer Ms. Egan O’Connor, Senator
Mike Gravgl of Alaska led the Congressional ‘effort 10 stop the test
Congresswoman Patsy Mink of Hawaii, Congressman Nick Begich of Alaska, and .
31 other Congressional members filed a suit in U.S. District Court seeking the
release of secret Cannikin documents.

The Committee for Nuclear Responsibility, with eminent members such as Nobel
Laureate Linus Pauling, joined with 7 other international groups 1o halt Cannikin -
through legal action. They contended that the test would violate both the 1963~ —
Limited Test Ban Treaty and the National Environmental Policy Act (NEPA). The
U.S. Supreme Court with a 4-to-3 vote denied their request 1o stop the test. Justice
William O. Douglas prepared a 13 page dissenting opinion stating that the AEC

- bad not met legal requirements under the NEPA. Justices Brennan and Marshall
concurred with Justice Douglas, asserting that there was a “substantial question as
to the legality of the proposed test.”® The AEC responded by exploding the
Cannikin nudear bomb just 5 hours aftér the Supreme Court's denial on
November 6,1971, ' ‘ '

- Concern about Cannikin helped spur an intemnational movement for ecological
integrity and peace. In October 1971, at the U.S. Consulate in Vancouver, Canada,
9,000 people went 10 the streets to protest Cannikin, and tens of thousands more
throughout Canada and the U.S. demonsuated, testified, petitioned and wrote

lenters against the test. The Alaska Mother's Campaign Against Cannikin, led by -
Aleut League Secretary-Treasurer Lillie McGarvey, organized home meetings and .
sponsored a State Fair booth to gather support in urging President Nixon to can-
cel thie test. Five Navy sailors in Hawaii refused to sail with their ships in protest
of Cannikin and were arrested by military officers.

The miomentum for the birth of Greenpeace arose from the gmssro:ns movement

against the Cannikin test. Motivated by the Quaker tradition of “bearing witness,”
twelve people set sail from Vancouver 1o stop the nudlear explosion at Amchitka.

H RE.TUIIN TO AMCHITKA—A GREENPEACE REPORT
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vessel Confidence in Akutan Harbor (Aleutian Islands) signed a statement sup-
porting the Greenpeace protesters.® Although stormy wezather and postponement
of the test prevented the Phyllis Cormack from ‘reaching Amchitka, this first

* Greenpeace action became a dramatic focal point for an international movement

and inspired protests to.a “greater sound and fury."32 An aide to one of the sena-
tors against the war in.Vietam was quoted as saying, “I've never seen anything
like it. Where we are looking for an issue 10 revive the ABM debate, the Atomic
Energy Commission drops Cannikin in our lap: It's almost enough to enlist every
ecology freak in the country.”33 . .

Lies, Secrets, and Promises of the U.S,

Atomic Energy Commission

“All too often [radioactive] damage has.been done to ethwic
mﬁﬁcmmwkwia!hdsw‘bmﬂkmﬁﬁmfwmﬁng
nuclear weapons for every muclear weapons power are on tribal or _
2 -t l |!i'3' . .
i = Arjun Makhijani, Prasident, institute for Energy and Environmental Resésarch

%e&mﬂdndmmmmmm’bhdestmcﬁmormost
serimhamtoﬂwlivu,pmpcny,wmmqndwhmeofthc
Native people living in the Aleutian Island area.™s

. = lliodor Philemonof, President, Aleut League

“This site was selected—I underscore the point—because of its
remoteness and the zero likelihood—virtually zero likelihood of
any damage,"36 : d

Disregard for Aleut People - L

By exploding nuclear bombs underground at Amchitka Island, the .S, govern-
ment disregarded the Aleut people who would suffer most directly should earth-
quakes, tsunamis, or radioactive leakage occur. Because they depend on the sea

for subsistence, Aleuts voiced concern that radioactive leakage would pose a threat
to their survival. The AEC ignored them, so the Aleut League filed a lawsuit in-

September of 1971 to block the Cannikin test, and Aleut villagers filed affidavits
that spelled out their concerns stating unequivocally that the Federal government
had failed to contact the Aleut peopl€ about Cannikin. -

'Ihmthatthmisgbingwbcnblastonmmtkaiuthefaﬂ
oflhismnﬂobodyﬁvmthcrcdaﬂngnmmhdstaﬂmiwith
mcabouzit.lamagaimt:hcblastbmmlﬂlinkitwﬂldm

- the food.">7 : . ;

‘Ihwébxgimludin:hewmmuvﬁtymfwmrw
.years. Condiﬁmuinmregionmmharshanddwingtha

RETURN TO AMCHITKA—A GREENFEACE REPORT n
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monitored by military intelligence. Eighteen crewmen: of the U.S. Coast Guard
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winters we have trouble catching food. I am afraid that the blast
may cause even more hardships that my people will have to bear.
For these reasons I am opposed to the nuclear test."*®

“I first heard about the blast in the Tundra Times. No person
from the Atomic Energy Commission has spoken to me or the
Community Council about the test. 1 am afraid that the blast on
Amchitka may cause landslides, tidal waves, or earthquakes. I am
also afraid that the fish and wildlife on which we depend may be

minated. ™ : . 5 ;

In response to the suit*® and only a few days before the Cannikin test, the AEC
finally sent representatives 1o 19 Aleut villages. Yet when the AEC representatives
~arrived at the villages, they did not listen to the people who most understood the

region. - i ) ’

- The AEC failed to alleviate the concerns of the Aleut people. Lillie McGarvey,
Secretary-Treasurer of the Aleut League and translator for the AEC briefings, stat-
ed: “I really don't think anyone was swayed. I think those who were against the
blast still are They still fear the test. They were bom and raised in earthquake

" country. "% . . '

Some village leaders requested that their people be evacuated to the mainland
during the test, but the AEC discounted the Aleuts’ fears that something might go
wrong. The AEC refused requests by the Aleut people to be moved to safety and

- never acknowledged the possibility that there might be a mishap with the
Cannildn project. The AEC made no arrangements for emergency evacuation of
the Aleuts who lived only a few hundred miles downwind from Amchitka 42

“Nao representative of tﬁe Atomic Energy Commission has spoken -
to the village Council about possible safety measures that may be -— —

taken in the event of a mishap.”®

. "We who are closer to the blast have concern for the ‘
consequences of a miscalculation on the part of the Atomic Energy
Commission. Earthquakes continuously happen in this area.”s

- Suppression of Sdientific Qpposition to Cannikinn - :
Before the Cannikin explosion, officials of the AEC suppressed and ignored sdi-
entific sources that cautioned against the blast at Amchitka. Some of the scientists
and documents that they chose to disregard are: The Cannikin Papers comprised
of recommendations from five federal agendcies that advised President Nixon to -
cancel or postpone the test; Federation of American Scientists who questioned the
necessity of the Cannikin project: and multiple affidavits by eminent scientists for

an appeal to the ULS. Supreme Court to stop Cannikin.

Cannikin Papers: Cancel or Postpone Explosion

- Only portions of the dassified documents known as the “Cannikin Papers* were™ -
released by the AEC after the blast. In a statement before Congress four days after
. detonation, Congresswoman Patsy Mink of Hawaii stated: "As evidence that there
wete serious questions among reputable scientists, we have the Cannikin papers
* — a group of documents which the administration savagely fought 10 keep secret
from the Congress and the American public The administration had good reason

RETURN TO AMCHNITKA—A GREENPEACE REPORT
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to fear the wrath of our people if the dangers of this lmsdeed could be fully dis-
cdlosed. Authority and funds-for Cannikin were obtained from Congress while
information on its potentlal effects was cyniaally withheld. Nevertheless, the
administration had in its possession at the time secret documents which pro-

. claimed the vast datrucuve dangers of this immense nudear exploslon a5

Federation of Ameérican Scientists:

- Question the Purpose of Cannikin
* The Federation of American Scientists presented compelling mumony that ques-

tioned the fundamental need for Cannikin on the basis that the Sparan wathead
was already obsolete. "Basuzlly, Cannikin is a bureaucratic oversight—an experi-
ment that has been waiting to be canceled since, in eatly 1969, the President

. changed the rationale for the U.S. ABM away from the anti-Chinese defense:"4¢

The environmental impact statement for Cannikin did not reveal the yield or pur-

‘pose of the test. In 1971 before the Cannikin blast, Dr. Jeremy Stone concluded:

“This entire episode illustrates the importance of requiring governiment agencies
to explain in their Environmental Impact Statements those true purposes of their

activities that might balance the adverse environmental impacis. The key to this..

entire question is the purpose of Cannikin. The effort to keep this a secret from
the American people— when it ¢an, by no stretch of the imagination, now be kept
secret from the Soviets— can only sharpen the widening credibility gap in which
American governments are ma'easmgly uapped."7

Concern About Ventmg

Critics of the AEC's plan 10 detonate Cannikin on Amchitka Island had p}enty of
evidence from past containment failures of underground nudear tests at the
Nevada test site to cause consternation about the AEC's sbility to contain a 5
megaton nuclear explosion in a poorly understood area as Amchitka. In 1970, the
Baneberry test at the Nevada test site, .only a 10 kiloton blast, blew a radioactive
plume more than 8,000 feet into the atmosphere. Radioactive debris was detect-
ed as far away as North Dakota. Long Shot, an 80 kiloton nuclear test detonated

“on Amchitka Island in 1965, vented tritium and krypton-85 to the surface a few

months after the test, despite Department of Defense assurances that it would be
conuained for hundreds of years. :

According to - the
Physicians for the Preven-
tion - of Nuclear War
“Underground testing has
often resulted in prompt
releases of radioactivity to
the atmosphere, mainly
through accidental vent-
ing. In the U.S. nudear
‘'weapons lesting program
between 1957 -and 1970,
.25.3 million curies of
radioactive fission prod-
ucts were released to the
atmosphere from 30
underground .tests. The
venting of Baneberry
alone, in [December]

W Vs

The military left behind a

legacy of debris, as well

&3 toxic and radioactive
mshanmdml*md.
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1970 m)ecxed 6.7 milhon curies of rad:oacnve fission and activation pmducxs
mlo the emnronmmt 9 '

Afﬁdavxts from Scientists Against Cannikin - ‘
In testimony for the suit before the U.S. Supreme Court made public aﬂer the -
Cannikin detonation, scientists predicted that serious long-term consequences of
CanmkmmzyyetocamlnaspeedIbcforeCongmstwoweelsaﬁcnhem'
" Senator Mike Gravel of Alaska noted: “The potential for radioactive contamina-
tion is still present and must be dosely watched for the indefinite future... Such a
possibility is no idle concern, and only careful monitoring will ; pemm us to know
" whether a danger is developing.”®

. Located in the Pacific Rim *ring of fire,” Amchitka’s high seismic acnvuy pmems
much greater difficulties with containment than thie Nevada test site. Dr. Nafi
Toksoz a geophysidist from MIT wrote that ennhquaks may easily create path-
ways for radioactivity to migrate into the Bering Sea. “Because of the...active seis-
mic nature of the general area, there is always the likelihood of intermediate and

large:earthquakes in the general region of Amchitka. The ground displacements

_ and faulting associated with these natiral earthquakes could interfere at any time

. during a period of years with the containment of radioactive produas pmduccd
by the Cannikin explosion, creating faults which could provide migration paths
for the radionuclides to the ocean. The problems relating to containment caused
by the admirtted occurrence of frequenit natural earthquakes in the Amchitka
ares...weré not at all consxdcred by the AEC in the Enwronmemal lmpact
State.mem.'sl

Refuting AEC dauus that radioactivity from Cannikin will be trapped within rock
melt, Dr. Robert Mueller, a geochemist from the Goddard Space Flight Center,
predicted accurately that “rather than remaining trapped, radionudides will

" either be dissolved directly in the water or, through the mechanism of exchange. .
be removed from the interior of the crystals or glass and pass into the water solu- <
tion. This is especially significant, since migration of radionudlides to the surface— =
is greatly enhanced when they are in water solution."s2". -

Geologlml engineer David Evans, conduded: “Sizeable fractures and fissures will -

_ be available after the detonation of Cannikin for the conduction of contaminat-. -

" ed groundwater away from the detonation site at a rate and in a concentration
considerably greater than the most negative model proposed in the’
Environmental Impact Statement.5® The Coundil on Environmental Quality, dit-
ing U.S. Geological Survey calculations, testified that “contaminated water would - . .
reach the ocean with a concentration in excess of 10,000 to 100,000 times the per-
missible concentration for water. This is 100 times greater than the Commission
(AEC) indicates is possible under the most adverse condxtxons,- 54 .

Environmental Impact Statement:

Public Relations/Not Environment
In its Environmental Impact Statement a year before the blast. the Atomic Energy
Comumission deliberately withheld or avoided information from scientists about
the potential impacts from the C‘znmlcm test. The ma)or public assertions by offi-
gals of the AEC included:

" “The effects of the heat and radioactivity resulting from the explosion will
be confined deep underground... A pocket of radioactivity ‘will remain
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indefinitely. Preliminary calculations of the process predict that only titium will
be discharged into the ocean, and that starting at 145 years after the explosion,
lasting for an additional 43 years. The concentration of tritium in the ground -
water at the time it is discharged to the ocean should be at a level dose to the max-

imum permissible concentration for water.” : T

“The alternative of not testing this particular nuclear explosive would be to -
' E make impossible the development of nudear weapons technology of sig-
nificance 10 our national security requirements.” : .

Disseminating an Environmental Impact Statement based more on their wishful
thinking than on scientific fact, the AEC officials attempted to manipulate public
opinion rather than heed warnings from scientists. - . ;

Cannikin Blast Could Not Be Stopped S

" Nothing would stop the officials of AEC and their associates from moving relent-

~ lessly toward their goal, as their desire to explode this huge nudear warhead was
greater than their concern for the safety of people and the environment. A previ-
ously dassified memo from Philip Coyle of the Lawrence Livermore Laboratory
dated September 8, 1971 boasts of the prowess of the Cannikin Project. He glori-
fies the Carinikin nudear weapon “emplacement” as the deepest ever attempted:
at 5,875 feer. The nuclear device is the longest at nearly 300 feet and heaviest at
850,000 pounds. Furthermore, Cannikin was the first to depend upon an active
pumping system .to keep emplacement hardware dry.5¢ General Leslie Groves
states: “If there are 10 be atomic weapons in the world, we must have the best, the ‘
biggest. and the most."s” Cannikin lived up to the expectations of those who are
excited about nudear weaponry. '

Although no immediate earthquakes or tsunami disasters occurred as a result of
Cannikin, sdentists within federal agencies and those testifying for the
- Committee for Nuclear Responsibility and the Aleut League had presented swong
arguments that the AEC “did tamper recklessly with the environment. There was
no military need to, but the administration chose to put the lives and property of
our people, and those of other nations, on the luck of its waget."$8 Concemns
about future radioactive leakage were well founded. ' '

Amchitka: A Wet Site. : :

'All three nudear explosions under Arichitia were “wet,” as the bombs were det-
onated below the Island’s water table. These explosions were also below sea level
and both the Bering Sea and Pacific Ocean were less than three miles distant from
each. The 1963 Limited Test Ban Treaty explicitly bans underwater testing but the
Atomic Energy Commission pushed those limitations at Amchitka, espedally
‘with the Cannikin Project, which needed an active pumping system simply o
keep the bomb dry during emplacement.

) &

. A 1994 report by the Govemnment Accounting Office states: “The potential exists

for radionudlide movement over time from deep aquifers [within Amchitka) 10

the Pacific Ocean and Bering Sea.”>? Over 300 radioisotopes may be present in the
underground test cavities.s0 ' '

Epidemiological Testing .

After pressure from medical professionals in Alaska, the AEC and EPA conducted
“human surveillance” radiological studies of blood and urine of people at Atka,
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the closest Native ¢ community io Améhitka. These samples were taken on]y three
weeks before the Cannikin test. :Additional sampling was undertaken the follow-
ing year. Although concentrations of radionuclides did not exceed “dangerous
levels as presently understood.” elevated levels were found. Yet no follow-up srud-
ies were conducted.®

. The National Arctic Health Science Policy of the American Public Health
Association Task Force states: “Particularly among Native people in Alaska, there
is an urgent demand for continuous momtonng of radionudlides in air, water, ice,
soil and in plants, animals, and man.” The lack of information congerning poten-
tial exposure among Aleut communities is glaring and unconscionable. Carl Hild,
- sdentist for the Indigenous People’s Coundil for Marine Mammals, expressed
_congern about thedack of follow-up studies for Aleuts: “I was interested 1o see that -
human blood had been sampled for Fe-55 [radioactive iron] and was found to
have a mean of 9,000 picocuries/liter, and urine for tritium where levels up to
9,400 picocuries/liter were found. During their pre- and post-shot tests they
found that Adak residents had higher tritium levels. It was also frustrating to read
that cesium-137. in local tests were higher than at the Nevada test site but lower
than levels observed in more northem Arctic villages. With this knowledge. there
have been no follow-up studies for the residents in these communities with
known elevated levels. 62

No eptdemnolc:glca] research has bem conducted on the hundreds of workers
involved in the construction, implementation, and deanup of the three nuclear

tests at Amchitka. Furthermore, documents obtained from the Departrnent of
Energy reveal that dosimeter badges and -exposure records were “lost.” Testimony
presented before the Advisory Committee on Human Radiation Experiments by

the Alaska State District Council of Laborers (Laborers International Union of
North America, AFL-CIO) disclosed that federal and contract workers at the
‘Amchitka nudear detonation sites have suffered radiation iriduced illnesses, -
leukemia, and other radiation «exposure-related cancers.-Contract workers and «—
their families have been denied access by the federal government 1o classified
information, medical relief, and compensation. Workers at the Amchitka nuclear

test site are not protected under the federal Radiation Exposure Compensation Act
(RECA) as are workers from the other U.S. nuclear test sites.s3

‘Scientific Findings '

Containment
The Containment Evaluation Panel established - by the Atomic Energy
Commission (AEC) in March 1971 defines successful containment of radiation

_resulting from nuclear explosions as allowing “no radioactivity detectable off-site
and no unanticipated release of activity on-site.”6 &

A nuclear bomb is exploded underground after it is plaoed at the bottom of a ver-
tical shaft drilled into the ground. The explosion is said 10 be “contained”
mechanically when the borehole has been plugged. As the shocked and heated
material around a blast cavity cools, the material cracks, and the roof of the blast .
«cavity falls. The falling rubble loosely fills the cavity faster than the chimney can .
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 collapse from above. When the rubble pile reaches the roof of the chimney, the
rubble supports the chimney roof, and the collapse stops: :

The stength of a nuclear blast is called “yield” and is measured in tons of INT. A
one-ton yield would be the same as a one-ton blast of TNT, which is
1,000,000,000 calories of explosive energy. As the volume over which any speci-
fied degree of blast damage occurs is proportional to length cubed, the length -°
over which that degree of damage occurs is proportional to the cube root (=1/3
power) of the exploswe yield. This cube-root scale law applies to all length scales
and means that the picture of damage looks.the same regardless of yield, but the
pxcmre is bngger with a bnggcr explosrve (Figure 3).

For a one-tan blast, whether’INT or nuclmr, a blast cavity about 11 feet in diam-

eter would be blown in the ground. With this model of containment, a ohe-ton © .
explosive would need to be buried 40 feet beneath the earth surface and the top = -
10 feet of ground would remain more or less intact after the blast

To scale this model up to the 5,000,000-ton Cannikip aq)losmh, the cube-root
scaling factor is (5,000,000 ton)~(1/3) = 171 (where A indicates that an expo-
nential follows in parenthesis). So the modeled diameter of the Cannikin blast
cavity is'scaled up 171 times the 11 feet of a one-ton blast (171x11 feet = 1881

~ feet). Along with the actual shaft-depth for each of the three Amchitka explosions,
the 30 “units” of expected chimney collapse depth and the 40 “units” of safe .
depth are listed in Table 1. According to the model pictured in Figure 3, the blast
cavity and collapse chimney are filled with rubble 1o 2 height of 30 length units,
with 10 length units of more or less imact mamerial above the chimney roof for
mechanical “containment

.Using AF.C’s method of calmlanng safe depth, where depth = 400 (vield)~(1/3)
[cube oot of yield], Table 1 shows that Long Shot's shaft depth of 2300 feet was
500 feet more than deep enough to assure that mechanical containment would
not be breached by the collapse chimney reaching the ground surface. The Milrow
shaft was bored to exactly the safe depth for the reported yield without any added
safety factor. The Cannikin shaft was bored 745 feet more than the chimney
would have been expected to collapse from a 5,000,000-ton explosion, but

_ almost a thousand feet short of the minimum safe depth. The outcomes of the
three explosions are summanzed in Table 2.

Long Shot | _m{!!-

The reported, late venting Depth Comparisons for the Three

from the Long Shotexplo- - Amehitka Nuclear Explosions
sion almost fits into an

exception cilled a “late- _ Yield : = ____Depth (feet)

time seep” of a minuscule ~_ Name (onscfTN) . Actul -Expected .
release of radioactive gas, ' - : Shaft Collapse Safe
related to “atmospheric . ; - ; : :
pumping” which can be chng Shot 80,000 2,300 1,293 >1,724
ignored under the, AEC Milrow 1,000,000 - 4,000 = 3,000 . >4,000
definition ‘for contain- -« = .

S S & “mot it - Cannikin 5,000, 000 5,875 5, 130 >6,840

tivity. The - Long Shot account possibifity wmmmmwm :

explosion did not have 10 “
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be listed as a faiture of radioactive containment, even though it admittedly vent.

ed radioactive gas into the atmosphere.

The cause of the chimney collapse following the Cannikin explosion has not been A
‘explained in the available literature, but when the chimney collapse reached the

ground surface east of Cannikin Ground Zero (CGZ) 38 hours after the Cannikin
explosion, White Alice Creek disappeared into.the newly formed depression. For
10 months, the North and South Forks of White Alice Creek simply vanished into
the earth. For three more months, that depression filled to form one of the largest
lakes on the island, and then White Alice Creek once again eiptied into the
Bering Sea. p ; , :
As shown in Table 2, the Cannikin explosion exceeded the yield for which its shaft
depth would have safely assured mechanical containment. Having breached
mechanical containment, the Cannikin explosion was not listed by the AEC for
containment failure because. except for the krypton-85 in 1972 gas samples,
monitoring agencies failed 1o detect leaked radioactivity at the site. In the most
recently reported environmental sampling of Amchitka (1993), the EPA collected
52 samples, 16 of which were soil or water samples from the Cannikin environs.

 EPA detected no radioactivity atributable to the Cannikin explosion.¢® Thus the

Cannikin explosion presented a paradox. It was the largest-ever American under-
ground nuclear explosion; it dramatically breached its containment; and yet it
seemed, inexplicably, to have contained its radioactivity.

Sampling and Analysis .
Our study began with a plan to employ high-resolution gamma spectrometry to
identify any signiﬁamt_ gamma-emitting, artifidal radioactivity in samples ‘col-

WiuLu
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Schematic Diagram of Blast
Cavity and Collapse Chimney
‘ | GZ _ ;

Containment

ARANRRA

eaRARARA

Scale of
Destruction
RPIIREN YL LYA(1/3)
: ... fest
Y. N, BT Lais: ton(1/3)

lected on Amehitka. This approach screens for most potential radionudides using
a single monitoring test. We required large, clean samples of a medium (algae,
moss) that concentrates metal jons. Carefully selected and cleaned samples of
moss or algae can be concentrated 50-fold by ashing, allowing reasonably low
detection levels by ordinary gamma spectrometry. We requested the laboratory
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gamma results, depending Summary of the Three 2 '

on the nature of the - & u 5

radionuclides  detected. Amchitka N clear EXP'OSIOI‘IS

Technical difficulties with : Yield ‘ Moot
sdntillation fluid (repeated . Name wmm (Fons Containment -
douding of the medium) . ; ]

for our in-field tritium Long Shot ~~ 10/29/65 - 80,000 | vento; Sty -
detector prevented us from. £ j » .
taking tritium measure- ~ Milrow 10/02/69 - 1,000,000 RO reported breach
-ments from surface water Ciagl - v e
5.2 Cannikin 11/6/71 5,000,000 s -ty
y ipns & ~ *Containment” in this table refers both 1o mechanical cotainment, in which the cor
Sampling , fapse chimney does not reach the land surface, and to radiological contaiment. .

Sample 1'was a moss/algal : , by e

mat collected from the .
Long Shot  mud  pic NN
drainage ditch that the ¥ Y
EPA had repomed as Sample Weights . iL o :

contaminated (see Figure
2 for locations).

Hand-held radiation
detectors, yielded low but
eﬂaﬁc mding near U)ng P T L e,
Shot Ground Zero it
(LSGZ). As the concrete
pad at LSGZ was partly . .+
moss-covered, this moss,
which was subject to air-
bome fallout rather than
aquatic. contamination,
was collected as Samiple 2.

‘Sample 3 of moss with an -+
oily sheen was collected
from a small seep 300 '
yards south of LSGZ (51°.
26'03"N, 179° 10'47°E).
It was taken from water
from a source pond or
sweam above LSGZ thar 12
was trickling down blast- 487 ¢ ¢
created fissures to the blast
Qvity or collapse chimney
above it. and then being
pushed back upward to a
seep below the source.

Another site with a pond abmeground'wvo and seeps below was identified at
Milrow. A seep (51°- 24'48"N, 179° 10/ 46"E) with both aquatic moss and green
algae was found next to Well No.17, 300 yards south of Milrow ground zero
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- Gamma Radlonuclid&s [pCi/g(ash)] + one stan-
dard deviation counting error. Half-life [vears] is
given below the radionuclide.

AN e s 5 y W
AL Ve
» - § o

Gamma Spectmmetry ' Alpha
N R —
1 05383 ND 0.5940,022 ND® e
2 762424 003420002 21340052 ND - "
3 1WEM9 ND . 99640245 000420040 0184008
4 596319  nND 0,180,016 N -
5 259108 ND. - - 0.190.014 N
6 ' 44s02 ND 0.160.006 oo s
7 3.&4).2 ND . 01620014 ND = |
8 121104 ND 01320005 ND -
° . 8a03  wDiootoow  wp Ll
0 72402 ND o.oé*p.éos : ND - oy
1 S5Ts:18 Np 08620026 ' 0.07440.024 ‘0.0520015.
12 382:12  .nD 0.8940.024 004120012 <03 -
13 14201 Noamoms fo Ly,

-

" Back caluclated from analysis date to saipling Gate.
-wm-udoaeampymmmwwmm.

, ™ ™" =na alpha analysis performed. '

3 ¥

gj023

(MGZ). Moss and algae
were collected separately
at this seep as Samples 4
and 5, respectively.

Cannikin' Ground Zero
(CGZ) was located at its
mapped position of (51°
28'17"N, 179° 06'18"E).
The North Fork of White
Alice Creek was examined
for signs of gronndwater
seepage, but none - were
found. Aleng the west
side of Cannikin Lake, 2
seep in the dry bed of the -
South Fork of White Alice

. Creek was located at (51°
-28'07°N, 179° 0627"E).

Moss (Sample 6) and
algae (Sample 7) were
taken. Moss was collected
as Sample 8 from a small
seep below CGZ, 100.
yards east (51° 2817'N,

" 1790 06'37°E).

Two seeps eimeting the
Bering Sea were identified.

by low salinometer read-_ .
_ ings and by the Piesence

of green alga Entero-
morpha, Sample 9 was col-
lected at (51° 28'51°N,
06'39"E), and
Sample 10 at (51°
28°48"N, 179° 07°07"E).

taken from a moss/algal mat in White Alice Falls (51° 2837"N, 179° 07°25" E),
where White Alice Creek empties into the Bering Sea. .

A corresponding Sample 13 of green algae Ulva was collected from the Milrow

drainage into the Pacific Océan at the Duck Cove shoreline, about (51°28'08"N,

179° 09°06"E).

-Samples were refrigerated and delivered to the laboratory on June 11. They were

dried at 100 degrees Celsius and ashed at 500 degrees Celsius. Wet, dry, and ashed
weights are listed in Table 3. Sample gamma emissions were counted for 4000
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algal samples.

" Gamma peaks between 55 and 1840 KeV (KeV =~ thousand elearon volts) in the
8,000 channel sample spectra were automatically searched with sensitivity set at
3.0 and with three background channels. For quantitative results, “blank” peaks
were subtracted. The number of gamma peaks in each sample specrum depend-
ed primarily on the abundance of natural decay products of the radioactive ura-
nium and thorium decay chains..Some of these peaks appear in the blank (no
sample) gamma spectrum of the detector and are then reported as spectral peaks
with very low or even negative counts. The number of reported spectral peaks
ranged from 41 for Sample 13 to 67 for Sample 8. o

For each reponted gamma peak in each specaum,the peak-center energy, calcu-
lated energy width, number of counts, standard counting error {(random uncer-
tainty) and background counts were reported by the computer software. The soft-

- ware automatically identified the radionudide responsible for most peaks based
on the laboratory’s in-house library. The radio-chemical technician then referred
to this library to suggest possible identities for each peak not automatically iden-
tified by the software. i :

-These gamma results were then checked against previous analyses of comparable
moss and algal samples collected in Washington State 1o flag possible errors in
peak identification. Flagged peaks together with unidentified peaks of more than

*.one suandard counting error positive were then searched by computer against a

+ custom file based on thie Brookhaven National Laboratory’s 1995 “Update of the

Table of the Isotopes” which appears in the Handbook of Chemistry and Physics.

Preliminary candidate radionuclides that tumed up in this file search were then

aoss-checked manually against Walker, Parrington, and Feiner’s 14th -edition of

Nudlides and Isotopes, against Lederer and Shirley’s 7th edition of Table of _

Isotopes;*7 and in the case of peaks having energy in the x-ray region, againstJA, -

; ‘ - ' Bearden’s “X-Ray Wave-

! ; —— lengths Table B, Wave-
_ Nesigihe In stwsiérical gude:
Follow-up beta and alpha results [pCi/g(ash)]. of the emission lines and

& b . T absorption edges” in the
One standard deviation counting error. Half-life aforementioned  Hand.

[years] is given below the radionuclide. book of Chemistry and
: ' Physics. This cross-check
: ' ’ s - eliminated . candidate
Sa";p’e 8 mﬁ Put . sources of gamma peaks
. i S iy —  which were “untenable”
3 i ' o 0.15+0.02 v .for‘ radiol?gxczl reasons in
- X A ‘ these particular samples.

1 <061 - ~ ND™ <0.08 . ' _
} SRV ; These results for all 13
- . OJ2s018 : - . . spectra ‘were then com-
12 i 0.03+0.01 - Ppared to reveal patterns

and efrors in the analysis.
The only substantive out-
ol s ; it : - come of the described
--;ot:omt.m.a':am ‘i : ' checking was tentative

™ Ditto marks=cuplicate anglysis . . confirmation of the soft-
——— N
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americium-241 for the 59.5 Kcv peak in the gamma specm of Samples 3, u,'a-nd
12. These three samples were then submitted to independent confirmation of the

presence of Am-24t by chemical extraction of plutonium and americium and"

then counting of the alpha spectra bctween 5330 and 5568 KeV (EPA Method

' EMSL-LV-0539~1 7 Modiﬁed)

Results and Discussion

The radiological results of the 13 sample analyses appear inTable 4, listing short- -

lived beryllium-7, cesium-134 and -137, and americdum-241. All detected
radiomuclides are listed, except for the naturally occurring members of the urani-
um-thorium decay chains. and naturally occurring potassium-40. The posmve

_gamma results are considered, as follows: N

iom-7
Beryllium-7 is a ‘naturally occurring radionuclide resulting from cosmic ray
impacts on nitrogen and oxygen atoms in the upper atmosphere. Plants concen-
trate beryllium-7 from rain. Samples with higher mncmzrauuns of beryllium-7 i in
Tabl: 4 probably wok up most of their water from: precipitation.

" Cesium-134

Cesium-134 is 2 ﬁssxon/acuvauon by-product of nuclear reactor operation and.is
not ordinasily assodated with nuclear explosions unless cesium is abundant in
the materials near the explosion. With no evidence of a source of Cs-134 on
Amchitka and with Sample 2 intentionally and blatantly under atmospheric
influences rather than surface or groundwater influence, the Cs-134 in Sample 2
is attributed to fallout from the Chcmobyl power reactor accdent at the end of
April 1986.

Cesium-137

Cesium-137 (Cs-137) is a fission product of both uranium-235 and plutonium-
239, and it remains in the environment from nuclear weapons explosions con-
ducted in the atmosphere through the 1960s, and from a few later explosions.
Cesium is an alkaline meta) that readily forms monovalent (Cs+) ions in water.
Cesium is highly mobile in groundwater, as evidenced by the detecuon of Cs-137
inall 13 sa.mpla

| Subtracting the contnbudon of Chemobyl to the Cs-137 in Sample 2, the sam-

ples having the three highest Cs-137 activities (greater than 0.5 pCi/g) in Table 4
(3. 11, and 12) are also the three samples in which americium-241 has been

* detected. This suggests the possibility of a qualitative association between Cs-137

above 0.5pCi/g(ash) and americium-241, so Cs-137 may be an obvious indicator
of the presence of americium- 241 in aquaucvegetauon

-

Americium-241

‘Americium-241 (Am- 241)(half-life of 432.7 years) is the beta decay product of
plutonium-241 (Pu-241)(half-life of 14.4 years) which is co-produced with Pu-

239 and Pu-240 in nuclear reactors. Plutonium isotopes and Am-241 were dis-
persed ‘through the atmosphere by above-ground nudear explosions in the
1960's. For the latitude band 40-50° north, the fallom ratio of americium-241 to
Pu-239/-240 is about 0.43.68

1026
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Pu-239-240 from fallout is routinely reported in biota worldwide. Although Am-
241 is readily detectable by alpha spectrometry, often used for plutonium analy-
* ses, and gamma spectrometry, routinely employed to analyze for Cs-137 fission
product in fallout, there are few reports of Am-241 in biota. '

Americium-241 was found in a plankion sample (0.22 pCi/g|dry] collected from
- Moruroa Lagoon on june 3, 1987 and reported by the Cousteau Foundation .6
" Moruroa is the site of French underground nuclear explosions in the-Padfic
Ocean. According to Cousteau, the French Atomic Energy Commission used even
smaller safety factors for containment of nuclear explosions.than the Americans
used at Amchitka. Critics of the French nudear weapons program have long con-
tended that radioactivity has leaked from several of their underground explo- .
s10ns. - .

Am-241 is discharged into the lrish Sea from the Sellafield nu‘clqn; reprocessing -
plant. By 1985, Am-241 had become the largest contributtor 10 individual radia-
tion exposure for consumers of Irish Sea fish and shellfish 70 ' B

Americium-241 is not ordinarily reported in biota contaminated by atmospheric
- fallout. While Pu-239/-240 is reported in Arctic tundra ecosystems, Arn-241 is not.
7 A literature search has failed to reveal any reports of Am-241 in Arctic mosses.

3 Moss samples collected at 47-48 north in western Washington State in 1996 and
processed and analyzed as in the present study have never yielded any gamma

" peak at the 59.5 KeV energy of Am-241 (automatic software peak search with sen-
sitivity =3.0). " : '

DOE-and other government agencies have routinely monitored Amchitka biota

. Over a quarter century since the. three underground nuclear explosions on the
island. No reports of Am-241 in Amchitka biota have been found, although the -
government has supplied incomplete. data lacking full gamma spectral analyses— —

and there is no indication that they were looking for americium-241. -

Americium-241 may be incorporated into food chains only under certain geo-
chemical conditions. Ameridum has unique thermal-chemical properties which ,
‘affect its behavior following a hot nudear explosion in which it is present,
. Americium is relatively volatile and tends toward divalency at high lemperatures.
Upon cooling, americum favors wrivalency. Compounds formed hot would thus’
tend to become monovalently positive ions upon cooling and solution in water.”2
. Such monovalent americium-compound ions might be expected to mimic cesium
ion migration in natural groundwaters. Contrarily, Am-241 released from above-
ground nuclear explosions would have cooled before forming compounds. Thus,
valency and solubility distinctions can be made between Am-241 released from
above- and underground explosions, although the details remain unknown.

One hypothesis to explain the positive Am-241 results of Table 4 is that the ameri- .
cium-241 would be attributable 10 fallout from above-ground nuclear explosions
in the 1960s.7® The hypothesis is that the wet samples—that is, all but Sample
2—include sediments which to a greater or lesser extent are retained with the bio-
logical samples. Further, the detected Am-241 would reside in the particulate sed-
. iment fraction which contains Am-241 from fallout, not in the biological fraction
.contains dissolved Am-241 from leakage. That is, the samples with a larger sedi-
ment fraction would be the ones to test positive for Am-241 because the Am-241
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~ ‘sample was greatly reduced by volanhzmg the tis~
. sue content.

prima facie evidence that'it is in fact leakage.

is in the sediment and not mcorporated intothe o . - ‘g e
mossandalgae : R T et R
This fallout hypothesis has been tested by examin-
ing the ratios of dry weight 10.total ashed weight,
which have been listed on the right side of Table 3.
A low ratio, such as 1.8 for Sample 6, indicates that
the dry sample contained a large fraction of sedi-
ment which was not volatilized by ashing. A high
ratio, such as 14.1 for Sample 3, indicates little
contribution of sediment so that the weight of the

This fallout hypoth&is thus implies that if the dry-
to-ash weight ratios are arranged in increasing
order (so there is more sediment contribution at
the beginning of the list), the list would begin with
the sample containing the highest Am-241 activity .
(=Sample 3), which would be followed by the
sample having the second highest Am-241 activity
(=Sample 11), followed by the sample with the
third highest detected Am-241 activity (=Sample
12), followed by the other nine samples vmh no
delectable Am-241.

The list of weight ratios for wet samples in increas-
ing order is as follows:

Sample:  #6 #8 #7 #5 #12 #9  #1 #10 #13 #8848 oo
Dry/Ash: 18 30 33 39 42 52 62 63 74 798 101 141  Greenpeace coflected
Am241: ND ND ND ND 003 ND ND ND.ND. 006 ND 015 Plantsampleson

The samples containing the greatest sediment content are thus seen 10 be the sam-
ples with no detectable Am-241 content The three samples containing detectable
Am-241 are arranged in order, with greater Am-241 values corresponding to less-
er sediment content. Therefore, the hypothesis that the detected Am-241 is due to
fallout and resides in the sediment fraction is rejected. This test supports the con-
clusion that the detected Am-241 resides within the biological matrix and comes

from dissolved Am-241 in leakage rather than fmm particulate Am-241 in atmos-
pheric fallout. -

The govemment guarantee that there is no possibility that leakage would have
gone undetected by government agencies provides a logical test: If any unreport-
ed radioactivity which might reasonably resul;ftom leakage is detected, this is

e~
a0

We have thus con51dered five londs of evndence of the source of the detected Am-
241:

1) appearance of in situ sarﬁples,
2) rare and particular detection of Am-241 in bxologlm] samples;

3) explanatory theory accounting for unidue, positive Am-241 nsmﬂts.
4) successful test against fallout hypothesis;
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5) official definition of detection condition—prima fadie evidence.

- " Based on these considerations, detection of Am-241 at routine monitoring levels
in particular biological samples taken from surface- or groundwater flows down-

* gradient from two of the three underground nuclear explosions on Amchitka is
here concluded 1o be detection of radiological leakage from upgradient nuclear

explosions.
Ameﬁcium-lﬂ found in aquatic vegetation demonstrates leakage.

M Am-241 in Samplc 3 shows that Long Shot is leaking long-lived radioactivity
~+ into the local surface waters. ' ; - :
W Am-241 in Sample 11 shows that Cannikin is leaking long-livee radioactivity
from groundwater into surface waters about a mile from ground zero.

M Sample 12 shows that the leakage of Am-241.into the White Alice drainage is
large enough to measurably contaminate vegetation in a stream flow of rough-
ly one cubic foot per second. Because of this large flow rate, the detection of
Am-241 in Sample 12 is by far the most important radiological result of this
study. Given the location of Sample 12 at the base of White Alice Falls just
above the high water mark this result indicates that monitorable Am-241 is

- Jeaking from the Cannikin explosion into the Bering Sea.

Although the biological implications of these discoveries at Amchitka are
unknown at present, Am-241 (half life of 432 years) is considered to be about as
toxic s plutonium, which is highly toxic. In humans, Am-24i is concentrated in

. the liver where it resides for 40 years (biological halflife), and Am-241 accumu-
. lates on endosteal surfaces of bone where it is retained for 100 years (biological

- halflife).7¢ - : v

-

- - ) - —— — .

Following the unequivocal detection of Am-241, the laboratory performed further -
analyses 10 “fingerprint” the radioactive leakage from Cannikin and Long Shot.
Results are summarized in Table 4. These analyses suggest that plutonium-239/-
240 accompanies Am-241 in these particular Amchitka sample media at a ratio
close 10 one to one. Plutonium-239 has a half life of 24,110 years.

Because Am-241 is not ordinarily detectable in environmental samples, the ratio
of Pu-239/-240 to Am-241 is seldom defined. An exception was Cousteau’s plank-
ton sample from the Moruroa nuclear site in French-occupied Polynesia which
yielded a'ratio of these Pu/Am isotopes of 43. Relative 10 Cousteau’s Moruroan
plankton, Greenpeace's moss/alga samples were enriched in americium or deplet-
ed in plutonium. ; * ’

Previous Monitoring Failed to Detect Leakage.
The AEC planned for all radioactivity resulting from the three nuclear explosions = - -
at Amchitka to be contained underground, but their designs were flawed because
they based them on experience at the relatively dry Nevada Test Site. With the
benefit of hindsight, it now seems that those who planned the nudear explosions
under Amchitka might have anticipated Cs-137 and Am-241 leakage in ground
water systems. But once the mistake was made, how was it possible that dozens
" of government radiological survey and monitoring efforts have entirely missed
leakage from Long Shot and Cannikin? :
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Long Shot has long been known to be a lite leaky, although it never made the
government's containment failure list: In the case of Long Shor, “small” dis-
charges of gaseous radioactivity were detected beginning with traces of radioio-
dine a month after the explosion. This detection was followed by radiokrypton in
soil gas and witiated surface water a few months later. Tritium has consistently
been identified in subsequent radiological monitoring of Amchitka. The list of
radionuclides seeping from Long Shot had admittedly grown excessive, as noted
by the Atomic Energy Comxmsslon in 1973.75

X
o s AIA l.u-mmuqmunui:'l
a A

a b

Sample 3 -of the present smdy shows that the govemment’s com:eptual model of
- leakage from Long Shot is inadéquate and that non-gaseous Cs-137 and Am 241
should be added 10 the list of leaking mdxonudldes

In the case of Cannikin, the explosion was either too large or the borehole was
not deep enough to achieve mechanical containment. The mechanical contain-
ment failure was evident, with the collapse of the land surface east of ground zero.
The Atomic Energy Commission put too much explosive down a shaft that was
100 short. '

Afier the explosion, government scientists failed to report the significance of the
disappearance of White Alice Creek into the blast depression. The blast had cre-
‘ated a highly permeable zone down to a great reservoir of heat, and the water was

" already on its way 10 radioactivity 38 hours after the explosion. The heat released
from Cannikin drove an irregular pattern of advective circulation that carried con- -
taminants from the radioactive source of this heat up into Cannikin Lake and out
into the newly blasted hydrological system. Any hopes that the groundwater dir-
culation might have somehow returned to its pre-Cannikin patterns were dashed
with the discovery that the surface water discharge from the White Alice.drainage
basin only regained 80% of its former flow after Cannikin Lake filled. This
wamed that a large new, groundwater system had been created by the explosxon,
and the new system was likely to camy contaminants.

beakage from Cannikin could have been detected by conventional gamma analy-
-sis of known indicator vegetation in the White Alice drainage area. Leakage could -
. have been identified on the basis of high Cs-137 or Am-241 detection. A follow-
up study could have located and sampled the main points of contaminant dis-
charge, probably yielding radionudlide concentrations tens or hundreds of times

those reported in our initial survey and idenufying additional oo-leakmg radioac-
mmy.

If government officials had allowed objective review of the Cannildn explosion
after the collapse of the land east of ground zero and the disappearance of White
Alice Creek into the abyss, they would have had to admit they made a terrible mis-.
take in the face of strong public opposmoli

Review of the llteralure in light of the prescm mul:s suggests that radnoacuve
leakage from the Cannikin blast has never been detected or reported, because the
government officials deliberately avoided looking for leakage in the new ground-
water systemn that they had created. They simply could not bring thémselves to
make the statement that “Cannikin is leaking transuranics into the Bering Sea.” At
least two out of three nuclear explosions at Amchitka and at least 80% of the
nuclear yield detonated there is connected to leakage pathways that are delivering
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long lived radioactivity 1o the open enviromment. Cannikin leaks and becatse
Am-241 has a halflife of 433 years, this leakage will persist for the next few thou-

* sand years unless remedial action is taken. ° ;

The next step toward remediation is to characterize the main flow pathways along
which the Am-241 is migrating and to identify other contaminants in the leakage.

- Choke points on the main pathways could then be sealed to thwarn the flow of
contaminants to the open environment. Because this will alter the hydrologic
flow again. it will be necessary to monitor the effects of the first round of reme-
diation and 1o undeitake one or two more rounds of remediation, if radioactive -

leakage from Cannikin is to be reduced to minor levels.
Recommendations '

: n Present leakage from the Carinikin, Long Shot, and Milrow explosions
) ‘should be characterized with the aim of achieving remediation to-levels
_that would not be readily detectable in discharges 10 the environmient. -

E The government should declassify military secrets that affect environsmen-
' tal and human health, , ;

A comprehensive aitical assessment of pathways and exposure routes of -
E radiological and toxic: contamination of Amchitka is urgently needed to
_identify all major contamination sources. Meaningful involvement in the design
. and review of scientific studies by the Aleut communities and the general public
should be established immediately. EPA should place Amchitka Island on the -
Superfund National Priorities List to ensure maximam public oversight of — ~
cleanup. ' - : .

ﬂ Epidemiological assessments should be conducted for workers and proxi-
mate communities by credible and. independent scientists. Workers and
other potentially exposed populations should be afforded full disclosure of infor-
mation on exposure; and granted their right to medical care and compensation.

Based on the discoveries made in this first-ever, unrestricted study of an
E American nuclear weapons test site, all sites of the production, 'storage, and
testing of nuclear weapons should be opened to critical independent environ-
mental monitoring in the public interest. All nudear weapons test sites should be
permanently closed to further nuclear detonations. Steps should be taken imme-
diately to remediate nuclear weapons test sites.

E Nudear nations must ‘work quickly to eliminate the 21,000 nuclear - .
weapons remaining in their arsenals. The United States and Russia, with
95% of the remaining nuclear weapons, must take leadership in the elimination
of nuclear weapons. - ' ' '
With the signing of the Comprehensive Test Ban Treaty, nuclear powers
should now acknowledge that the production, storage, transportation, testing,
and continuing threat of nudear war pose too great a risk to the environment and
human health. . - . '
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8ummary

o In june 1996, Greenpeace returned o Amclntka in the Aleutian Islands of '
Alaska and conducted the first independent research expedition to a nudear test
site that was not restricted by military intervention.

M The site under investigation was the site of the Cannikin nudear detonation,

the largest underground nuclear test explosion in U.S. l'ustory and the two other
nuclear test sites on the island (Long Shot and Mllrow)

I'Ihcnudearbombusedmthe(:anmlantstwasplacodlooofeetwodoseto ‘
thc surface and breached containment § ~-

M The Atomic Enetgy Commission diimed that the nuclear waste from the deto-
nations would be contained for hundreds; if not thousands of years.

M The Department of Energy has withheld information about lakage from the

_ Cannikin nudear test site. Sampling reports from the Department of Energy made
public over the past 25 years revealed no Jeakage of radioactivity into the envi-
ronment from the Cannikin nuclear test.

. Samphng by Greenpeace in 1996 demonstrates that plutomum—BS/Z«m and

americdum-241, a decay product of plutonium, are leaking from the Cannikin
blast cavity into White Alice Creek and the Bering Sea.

Glossary of Terms

Alpha radiation: radiation comprised of

“helium atoms that are released with the dis-

integration of heavy elements such as ura-
nium-238 and radium-226. Because they

.. travel only short distances, alpha partides

can do great damage if inhaled or ingested,
but cannot penetrate human skin or a piece
of paper.

Beta radiation: radiation conmmng high-

speed electrons (elementary particles with a
negative electrical charge) or positrons
(positively charged particles equal in mass
10 an electron). Beta panticdes have relative-
ly small mass and are thus relatively. fast. _
They can penetrate skin, but deposit their

energy in a larger volume of tissue and,

therefore cause less concentrated damag:
than alpha partides,

Curie: a unit of radloaaivity equalling 37

 billion disintegrations per second.

Fission: spliﬁ‘mg of the nucleus of an atom

into two or more puﬁ. Uranium-235 and

plutonium-239 are fissioned with the bom- -

bardment of neutrons, thus releasing enor-
mous energy and fission products (incdud-
ing such isotopes as cesium-137, strontium-
90 and iodine-131).

Fusion: combining or fusing of atomic

nuclei usually involving lighter elements *

such as hydrogen isotopes.

Gamma radiation: electromagnetic radia-
tion capable of rravelling long distances and

~*penetrating the entire human body. .

_+Gamma rays resemble x-rays, but have high-
er energy.

Half-life: the amount of time fot half the
quantity of a radicactive material to decay..

Isotope: a form of an element with differ-
ing numbers of neutrons, but equal num-
' bers of protons.
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Kiloton: one thousand tons of TNT equlva :

lent.

Megamn. one n-ulhon ons of TNT eqmwa

lenL

Picocurie: one-uilliomh of a curie.

Radlonuclide: a radioactive isotope.

Transuranic element: an element with an

~ atomic number greater. than that of urani-

Yield: the energy relascd by a nudcar
explosion.
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the Prevention of Nudlear War International
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